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(57) ABSTRACT

A method for determining a layer stoppage in LDPC decod-
ing 1s provided. The method may include determining the
occurrence of the layer stoppage to detect and record a con-
vergence of a layer arithmetic unit after the performance of a
layer decoding operation using LDPC decoding, and in a
subsequent iteration operation stopping an operation of the
layer arithmetic unit that has converged and repeating deter-
mining the layer stoppage for the layer arithmetic unit that has
not yet converged. An output of the non-convergent layer may
be diverted to the next non-convergent layer while bypassing
the convergent layer without interrupting the subsequent
iteration operation while maintaining the overall error correc-
tion capability.
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detect and record a convergence of a layer arithmetic |
unit after the performance of a layer decoding :
operation using LDPC decoding

in a subsequent iteration operation stopping an
operation of the layer arithmetic unit that has
converged and repeating determining the layer |
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converged based on the convergence of the layer |
arithmetic unit
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METHOD FOR DETERMINING LAYER
STOPPAGE IN LDPC DECODING

BACKGROUND

1. Technical Field

The present disclosure relates to a method for determining,
a layer stoppage 1n low density parnty check (LDPC) decod-
ing. Specially, the present disclosure 1s directed to a method
for determining convergence of a layer based on information
over the course of LDPC decoding. The present disclosure
may skip the convergent layer in the subsequent iteration
operation for reducing the power consumption associated
with a corresponding layer arithmetic unit.

2. Description of Related Art

In recent years, industry-wide booming 1n telecommuni-
cation accompanies with the increased demands 1n multime-
dia processing and high-speed wireless transmission. For
meeting the above demands, low density parity check
(LDPC) code that 1s superior in its decoding performance has

been widely adopted in numerous wireless communication
standards such as DVB-S2, IEEE 802.11n, and IEEE

802.16m. LDPC decoding operations turn to multiple 1tera-
tions to enhance their error correction capability, pushing
their coding gain to Shannon limiat.

With the number of the 1terations increasing, power con-
sumption of LDPC decoders inevitably increases signifi-
cantly. Approaches of cutting down the 1iterations by deter-
mimng redundancy of certain 1terations become effective in
reducing the power consumption. They aim to suspend the
decoding that has converged without sacrificing the perfor-
mance of entire LDPC decoding. However, those approaches
would not stop the whole iteration operation until after the
entire information has converged without concerning if any of
individual layers may have converged. That the decoding
operation would have been suspended until the entire infor-
mation 1s considered “converged” may still result 1n unnec-
essary power consumption.

To overcome the above problem, a method for determining
a layer stoppage (LLS) has been proposed. Such layer stoppage
may be determined or detected based on convergence of the
layer after a layer decoding operation for the layer concludes.
I1 that 1s the case, such layer may be considered “convergent.”
In subsequent 1teration operation, the layer decoding opera-
tion may not be performed for the “convergent” layer, so as to
reduce the unnecessary power consumption.

SUMMARY OF THE DISCLOSUR.

(L]

The present disclosure revolves around a method for deter-
mimng a layer stoppage 1n LDPC decoding. When a layer 1s
considered convergent, such layer may not be subject to
another layer decoding operation so as to achieve the goal of
power consumption reduction.

The method may include determining the occurrence of a
layer stoppage to detect and record a convergence of a layer
arithmetic unit after the performance of a layer decoding
operation using LDPC decoding, and 1n a subsequent itera-
tion operation stopping an operation of the layer arithmetic
unit that has converged and repeating determining the layer
stoppage for the layer arithmetic unit that has not yet con-
verged.

Specifically, the occurrence of the layer stoppage 1s based
on the comparison using soit information or hard information
of the layer decoding operation for determining the conver-
gence of the layer arithmetic unait.
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Specifically, the layer arithmetic unit 1s characterized as a
convergent layer so long as a layer associated with the con-
vergent layer 1s entirely convergent and 1n the subsequent
iteration operation no layer decoding operation using LDPC
decoding 1s required for the convergent layer, and the layer
arithmetic unit 1s characterized as a non-convergent layer
when the layer associated with the non-convergent layer 1s not
entirely convergent.

Specifically, 1n the subsequent 1teration operation an out-
put of the non-convergent layer 1s diverted to the next non-
convergent layer without being transmitted to the convergent
layer 1n between.

Specifically, in the subsequent iteration operation soft
information or hard information in the determination of the
occurrence of the layer stoppage 1s diverted to the next non-
convergent layer from the previous convergent layer without
being transmitted to the convergent layer 1n between.

Specifically, the soft information comprises a check node
message, a variable node message, an a priori probability
value, an extrinsic probability value, an a posterior1 probabil-
ity value, and their combinations.

Specifically, the hard information comprises a hard infor-
mation value converted from the check node message, the
variable node message, the a prior1 probability value, the
extrinsic probability value, the a posteriori probability value,
and their combinations.

Specifically, the layer operations 1n multiple parallel layers
are detected and stopped at the same time.

For further understanding of the present disclosure, refer-
ence 1s made to the following detailed description illustrating
the embodiments and examples of the present disclosure. The
description 1s only for 1llustrating the present disclosure, not
for limiting the scope of the claim.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings 1included herein provide further understand-
ing ol the present disclosure. A brief mtroduction of the
drawings 1s as follows:

FIG. 1 shows a tlow of a method for determining a layer
stoppage 1n LDPC decoding according to one embodiment of
the present disclosure;

FIG. 2 shows a flow of LDPC decoding operation having,
the method 1n FIG. 1 incorporated according to one embodi-
ment of the present disclosure;

FIG. 3 shows a first embodiment of two consecutive itera-
tion operations upon the determination of the convergence of
a layer at the conclusion of layer decoding operation accord-
ing to one embodiment of the present disclosure;

FIG. 4 shows a table illustrative of the difference between
a convergent layer and a non-convergent layer according to
one embodiment of the present disclosure;

FIG. § 1s a schematic diagram illustrating a variance 1n
layer decoding performance among the layer stoppage deter-
mination method with other approaches cutting down the
number of iteration operations imncorporated according to one
embodiment of the present disclosure;

FIG. 6 1s a schematic diagram 1llustrating a variance 1n stop
rate among the layer stoppage determination method with
other approaches cutting down the number of 1teration opera-
tions incorporated according to one embodiment of the
present disclosure;

FIG. 7 shows another set of two consecutive iteration
operations upon the determination of the convergence of a
layer at the conclusion of layer decoding operation according
to one embodiment of the present disclosure;
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FIG. 8 1s a schematic diagram showing a variance in layer
decoding performance of the layer stoppage determination at

different thresholds according to one embodiment of the
present disclosure; and

FIG. 9 1s a schematic diagram showing a variance in stop
rate of the layer stoppage determination method at different
thresholds according to one embodiment of the present dis-
closure.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

The atorementioned and other technical contents, features,
and eflicacies will be shown 1n the following detail descrip-
tions of a preferred embodiment corresponding with the ref-
erence Figures.

The present disclosure 1s directed to a method for stopping
a layer operation in low density parity check (LDPC) decod-
ing. Such method, as shown 1n FIG. 1, may include (1) 1n step
101 determining the occurrence of a layer stoppage to detect
and record a convergence of a layer arithmetic umit after the
performance of a layer decoding operation using LDPC
decoding, and (2) 1n a subsequent iteration operation stopping
an operation of the layer arithmetic unit that has converged
and repeating determining the layer stoppage for the layer
arithmetic unmit that has not yet converged based on the con-
vergence of the layer arithmetic unit at step 102.

For determining the occurrence of the layer stoppage, step
101 may rely on soft or hard information associated with the
layer decoding operation. When the layer corresponding to
the layer arithmetic unit converges, such layer arithmetic unit
may be characterized as one convergent layer. And in the
subsequent iteration operation the layer decoding operation
for such convergent layer may not be performed. On the other
hand, when the layer corresponding to another layer arith-
metic unit fails to converge, that particular layer arithmetic
unit may be characterized as one non-convergent layer.

In the first embodiment, a LDPC decoding mechanism
used for a traditional layer decoding in a non-volatile memory
context 1s illustrated. Such LDPC decoding may employ a
mimmum-summation algorithm (Min-Sum Algorithm,
MSA) 1 the layer operation. The method may include as
previously mentioned determining the occurrence of the layer
stoppage to detect and record the convergence of the layer
arithmetic unit after the performance of the layer decoding
operation using the MSA-based LDPC decoding, and in the
subsequent iteration operation stopping an operation of the
layer arithmetic unit that has converged and repeating deter-
mimng the layer stoppage for the layer arithmetic unit that has
not yet converged based on the convergence of the layer
arithmetic unit.

For determining the occurrence of the layer stoppage, the
method may rely on soft or hard information associated with
the layer decoding operation. When the layer corresponding,
to the layer arithmetic unit converges, such layer arithmetic
unit may be characterized as one convergent layer. And in the
subsequent 1teration operation the layer decoding operation
for such convergent layer may not be performed. On the other
hand, when the layer corresponding to another layer arith-
metic unit fails to converge, that particular layer arithmetic
unit may be characterized as one non-convergent layer.

In conjunction with FIG. 2, when 1n any iteration operation
tor LDPC decoding (step 201) the method in the first embodi-
ment may stop the operation for the converged layer (step
202) betfore proceeding to the operation for the non-con-
verged layer (step 203). Thereafter, the method may deter-
mine 11 there 1s any additional converged layer (step 204). I
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that 1s the case, the method may record the convergence of the
layer (step 205). Otherwise, another iteration operation using
LDPC decoding may be performed (step 206).

As shown 1n FIG. 2, because of the following iteration
operations an output of one non-convergent layer may be
outputted to the next non-convergent layer without being
transmitted to any convergent layer between the above two
non-convergent layers. Specifically, any operation for the
convergent layer may be skipped when the soft information
such as a check node message, a variable node message, an a
prior1 probability value, an extrinsic probability value, an a
posterior1 probability value, and their combinations used in
determining the layer stoppage or the hard information,
which may be converted in terms of hard imnformation value
from the check node message, the variable node message, the
a priori probability value, the extrinsic probability value, the
a posteriori probability value, and their combinations.

FIG. 3 illustrates two consecutive iteration operations hav-
ing the layer stoppage technology into consideration. The left
side of FIG. 3 shows one iteration operation where no layer
stoppage occurs. The right side of FIG. 3, meanwhile, shows
another iteration operation (or the iteration operation follow-
ing the 1teration operation on the left side) where certain layer
stoppage has already occurred. The current embodiment may
lean on the soft information in the layer decoding operation
by comparing the soft information in order to record the
convergence ol the layer arithmetic operation unit. For the
layer stoppage to be considered taking place, the a posteriori
probability value (A ') may serve as one threshold. For
example, 1n the layer decoding operation using LDPC decod-
ing the a posteriori probability value (A ') associated with
cach layer operation may be detected and compared with 1ts
corresponding threshold. Specifically, when the a posteriori
probability value (A, associated with Layer 2 (or the sec-
ond layer arithmetic unit) 1s greater than the threshold (0),
then Layer 2 may be characterized as the convergent layer
while Layers 1 and 3 remain as non-convergent layer since
their respective the a posteriori probability values (A, are
not greater than the predetermined threshold.

Layer 2 or the second layer arithmetic unit may not be part
of the subsequent 1teration operation, reducing the usage of
the layer arithmetic unit and the power consumption. The a
posteriorn probability value which 1s supposed to be delivered
to the second layer arithmetic unit may now be diverted to the
next non-convergent layer (or the third layer arithmetic unit).
As shown 1n FIG. 3, the layer arithmetic unit may be respon-
sible for check node updating and variable node updating
along with the computation of the a posterior1 probability
value. FIG. 4 meanwhile summarizes operational difference
between the convergent layer and the non-convergent layer.
The check node, the variable node, the computation of the a
posterior1 probability value, and the access to the memory of
the check node may be stopped, when the access to the
memory ol the a posterioni probability value may remain
intact.

Since the decoding of the first embodiment could be LDPC
decoding used in the non-volatile memory, 1n an additive
(Gaussian white noise channel with information length at
8960 bits and the maximum iterations at 15, as shown 1n FIG.
5, bit error rates (BER) of LDPC decoding at different SNR
(Eb/NO) may vary when distinct combinations of technology
are used. Specifically, the present disclosure directed to layer
stoppage (LLS) may have parity check equation (PCE), soft
decision aided algorithm (SDA), hard decision aided algo-
rithm (HDA) and rate termination (RT) integrated.

Please combine together BER 1n FIG. 3 reflective of the
error correction capability and a stop rate in FIG. 6 where
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variance 1n the stop rate associated with different combina-
tions of approaches for cutting down the number of the itera-
tion operations 1s shown. Specifically, upper numbers 1n col-
umns 1ndicate the stop rate corresponding to the layer
stoppage technology, while the lower numbers in the columns
are associated with the approaches of cutting down the itera-
tion operation number without the incorporation of the layer
stoppage technology. The number of the 1teration operations
may be reduced by 2%-48% at distinct SNR without interfer-
ing with the performance of LDPC decoding. Such reduction
may climb to the range of 52%-70% once after the layer
stoppage technology enters into the equation.

In short, the present disclosure could be combined with any
ol the conventional approaches of cutting down the iteration
operations. The present disclosure may stop the operations
for the convergent layers even before conditions for the tra-
ditional approaches of cutting down the 1teration operations
are met, increasing the stop rate.

When SDA 1s used for cutting down the number of the
iteration operations, the a posteriori probability value after
cach 1teration operation using LDPC decoding may be deter-
mined and compared with the corresponding threshold (¢).
The 1teration operation may be stopped for the layer corre-
sponding to the a posterior: probability value exceeding such
threshold.

In another embodiment, when SDA 1s used a code word at
the conclusion of each iteration operation by a LDPC decoder
may be verified to determine 11 the corresponding condition 1s
satisfied. The present disclosure may determine the conver-
gence ol the layers before such conditions are met, before
skipping the iteration operation for the convergent layer.

In addition to the above-described first embodiment, the
present disclosure further provides a second embodiment in
the vehicle communication applications. The second embodi-
ment, similarly, simulates the convergence of the layers (or
the layer arithmetic units) using LDPC decoding. The second
embodiment may operate with information 2048 bits 1n
length, maximum 1terations not exceeding 8, and parallel
multi-core decoding that 1s different from the decoding algo-
rithm 1n the first embodiment. The second embodiment may
simulate using wireless channels such as Rayleigh channel 1n
densely populated areas. By adopting the parallel multi-core
processing, the second embodiment could significantly
increase the throughput of the LDPC decoder at the expense
of the larger power consumption, which could highlight the
importance of skipping the operations of certain layers based
on their convergence.

Specifically, as shown 1n FIG. 7, when the parallel multi-
core processing 1s employed the decoding may operate at the
higher rates despite performing the layer decoding operations
for those convergent layers. With the present disclosure, the
convergence of the multiple layers may be determined and
their corresponding layer decoding operations may be
skipped. In other words, the convergence of multiple parallel
layers may be determined and some of their layer decoding
operations may not be necessary.

The second embodiment 1illustrates detecting the a poste-
rior1 probability value of each parallel layer upon the conclu-
sion of 1ts corresponding parallel layer decoding operation
using LDPC decoding. When the detected a posteriori prob-
ability value exceeds the predetermined threshold (0), the
second embodiment may characterize such layer as the con-
vergent layer and skipping such convergent layer in the sub-
sequent 1teration operation. In doing so, the present disclo-
sure may reduce the usage of the layer arithmetic unit and
therefore to reduce the overall power consumption. The a
posterior1 probability value that would be delivered to the
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convergent layer may be diverted to the next non-convergent
bypassing the convergent layer. Multiple parallel layers and
their layer arithmetic units may be skipped in the subsequent
iteration process as the result.

When the second embodiment 1s used 1n an environment
with much noise and the parallel multi-core decoding pro-
cessing 1s also adopted, MSA may be used in LDPC decod-
ing. FIG. 4 summarizes the operations for the convergent
layer and the non-convergent layer in the single core decoding
context. As the layer stoppage determination could be appli-
cable to multiple layers at the same time, multiple layer
arithmetic units corresponding to the convergent layers may
be skipped. Applied 1n the wireless channels 1n the densely
populated area, the decoding performance of the presently
disclosed method at different threshold 1s shown 1n FIG. 8.

FIG. 9 meanwhile shows the variance 1n the stop rate at
different thresholds when the present disclosure applies to the
wireless channels 1n the densely populated area. With FI1G. 9
and F1G. 8, the relationship between BER and the stop rate at
different thresholds may be determined. It1s worth noting that
the lowered threshold setting may increase the number of the
layer arithmetic units to be skipped 1n the subsequent 1teration
operation as more layer arithmetic units may be considered
convergent. That the threshold 1s configurable helps satisty
the demands of large stop rate-low accuracy or low stop
rate-high accuracy.

From the above embodiments, the present disclosure of
skipping the convergent layer and diverting the output from
one non-convergent layer to the next non-convergent layer
bypassing the convergent layer may be effectively applied in
the parallel multi-core decoding processing, without under-
mining the decoding performance while maintaining the
quality stop rate. The layer stoppage defined on basis of the
predetermined adjustable thresholds may be used in different
communication channels and parallel multi-core decoding
processing. And the overall power consumption of the LDPC
decoder may be reduced.

Despite the previous two embodiments are based on the
soit information, the scope of the present disclosure 1s not
therefore limited. Rather, hard information of the layer
decoding operation may be determined and compared with 1ts
respective predetermined adjustable threshold. As such, the
convergence of the layer arithmetic unit may be determined.
The hard information may be from a hard information value
converted from the check node message, the vanable node
message, the a prior probability value, extrinsic probability
value, the a posteriori probability value, and their combina-
tions. The hard information value may be 0 or 1 (or negative
or positive). The conversion may be based on the maximum
bit value of the soft information 1n one embodiment, but not
limited thereto. The comparison of the hard information may
be based on different sets of the hard information converted
from different soft information using hard values in consecu-
tive iteration operations, the variance in the hard value, or
parity equation (H-V'=0) wherein H is LDPC code matrix
and V7 is a transposed vector for the code word as the hard
information value.

The present disclosure may be with the following advan-
tages:

(1) compared with the conventional arts the present disclo-
sure could determine and arrive at the conclusion that certain
layers have been convergent even before the convergence of
all layers has been reached; therefore, the present disclosure
may skip the convergent layer in the subsequent iteration
operation so as to reduce the overall power consumption;

(2) according to the present disclosure the output from one
non-convergent layer may be diverted to the next non-con-
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vergent layer bypassing the convergent layer without under-
miming the overall operation while maintaining the BER
level; and

(3) the present disclosure relies on the superior error correc-
tion capability associated with LDPC code decoding, realiz-
ing the potential of LDPC code to be more widely applied 1n
international wireless communication standards.

Some modifications of these examples, as well as other
possibilities will, on reading or having read this description,
or having comprehended these examples, will occur to those
skilled 1n the art. Such modifications and variations are com-
prehended within this disclosure as described here and
claimed below. The description above 1llustrates only a rela-
tive few specific embodiments and examples of the present
disclosure. The present disclosure, indeed, does include vari-
ous modifications and variations made to the structures and
operations described herein, which still fall within the scope
of the present disclosure as defined in the following claims.

What 1s claimed 1s:

1. A method for stopping a layer operation 1n low density
parity check (LDPC) decoding, comprising;:

determining an occurrence of a layer stoppage to detect and

record a convergence ol a layer arithmetic umt after
performance of a layer decoding operation using LDPC
decoding; and

in a subsequent iteration operation stopping an operation of

the layer arithmetic unit that has converged and repeat-
ing determining the layer stoppage for the layer arith-
metic unit that has not yet converged.

2. The method according to claim 1, wherein the occur-
rence of the layer stoppage 1s based on the comparison using
soit information or hard information of the layer decoding
operation for determining the convergence of the layer arith-
metic unit.

3. The method according to claim 2, wherein the soit infor-
mation comprises a check node message, a variable node
message, an a priori probability value, an extrinsic probability
value, an a posterior1 probability value, and their combina-
tions.
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4. The method according to claim 3, wherein the hard
information comprises a hard information value converted
from the check node message, the variable node message, the
a priori probability value, the extrinsic probability value, the
a posterior1 probability value, and their combinations.

5. The method according to claim 2, wherein the layer
arithmetic unit 1s characterized as a convergent layer so long
as a layer associated with the convergent layer 1s entirely
convergent and 1n the subsequent iteration operation no layer
decoding operation using LDPC decoding 1s required for the
convergent layer, and the layer arithmetic unit 1s character-
1zed as a non-convergent layer when the layer associated with
the non-convergent layer 1s not entirely convergent.

6. The method according to claim 5, wherein 1n the subse-
quent iteration operation an output ol the non-convergent
layer 1s diverted to the next non-convergent layer without
being transmitted to the convergent layer 1n between.

7. The method according to claim 5, wherein 1n the subse-
quent iteration operation the soft information or the hard
information in the determination of the occurrence of the
layer stoppage 1s diverted to the next non-convergent layer
from the previous convergent layer without being transmaitted
to the convergent layer in between.

8. The method according to claim 7, wherein the soft infor-
mation comprises a check node message, a variable node
message, an a priori probability value, an extrinsic probability
value, an a posterior1 probability value, and their combina-
tions.

9. The method according to claim 7, wherein the hard
information comprises a hard iformation value converted
from the check node message, the variable node message, the
a prior1 probability value, the extrinsic probability value, the

a posteriori probability value, and their combinations.

10. The method according to claim 1, wherein the layer
operations imnmultiple parallel layers are detected and stopped
at the same time.
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